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(54) METHOD FOR PURIFYING FULLERENE 

(57)Abstract: 

PURPOSE: To effectively purify a specific fullerene in a 
large scale by utilizing a calixarene, when the fullerene 
is separated and recovered from a fullerene mixture. 
CONSTITUTION: A calixarene is added to the solution 
of a fullerene mixture, and then the formed fullerene- 
calixarene complex is decomposed to recover a specific 
fullerene. In order to obtain C60 fullerene, the following 
method is used: adding a calix[8]arene of the formula (R 
is 1-5C alkyl) to a solution obtained by dissolving a 
fullerene mixture in a benzene base solvent (preferably 
benzene or toluene) containing the C60 fullerene and 
subsequently decomposing the precipitated C60 
fullerene-calix[8]arene complex to recover the C60 
fullerene. For example, a chloro solvent is added to the 
complex to precipitate and recover the C60 fullerene. 




* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The purification approach of the fullerene characterized by making this complex 
decompose and collecting specific fullerene after adding carixarene and making the complex of 
fullerene and carixarene form into the solution of fullerene mixture. 

[Claim 2] The calyx [8] arene expressed with a degree type [-izing 1] by the solution which was 
dissolved in the benzenoid solvent and obtained the fullerene mixture containing C60 (R among 
a formula) the alkyl group of carbon numbers 1-5 — it is — it adding and with the first process 
which settles C60 as complex with this calyx [8] arene The purification approach of the 
fullerene characterized by including the second process which is made to decompose the 
complex which carried out precipitation according to this first process, and collects C60 
[Formula 1] 




[Claim 3] The purification approach of the fullerene of claim 2 characterized by presenting the 
second process with the obtained precipitation after repeating warming at 50-100 degrees C in 
a benzenoid solvent again, making this precipitation remelt after separating the generated 
precipitation from a benzenoid solvent in the first process, returning to a room temperature and 
settling it after that. 

[Claim 4] The purification approach of the fullerene of claim 2 to which it is characterized by 
consisting of adding a chlorine-based solvent in this complex, settling C60, and collecting after 
the second process separates the complex which carried out precipitation, or claim 3. 
[Claim 5] The purification approach of the fullerene of claim 2 to which a benzenoid solvent is 
characterized by being toluene or benzene, or claim 3. 

[Claim 6] The purification approach of the fullerene of claim 4 characterized by for a benzenoid 
solvent being toluene or benzene and a chlorine-based solvent being chloroform or a methylene 
chloride. 

[Claim 7] The purification approach of the fullerene of claim 2 using the calyx [8] arene whose 
R is the alkyl group of carbon numbers 2, 3, or 4, or claim 3. 

[Claim 8] The purification approach of the fullerene of claim 4 characterized by a chlorine- 
based solvent being chloroform or a methylene chloride using the calyx [8] arene whose R is 
the alkyl group of carbon numbers 2, 3, or 4. 

[Claim 9] The purification approach of the fullerene of claim 2 characterized by a benzenoid 
solvent being benzene or toluene using p-isopropyl calyx [8] arene whose R is an isopropyl 
group, or claim 3. 

[Claim 10] The purification approach of the fullerene of claim 4 characterized by for a benzenoid 



solvent being benzene or toluene, and a chlorine-based solvent being chJoroform using p- 
isopropyl calyx [8] arene whose R is an isopropyl group. 

[Claim 11] The purification approach of the fullerene of claim 2 characterized by a benzenoid 
solvent being toluene using the p-t-butyl calyx [8] arene whose R is t-butyl, or claim 3. 
[Claim 1 2] The purification approach of the fullerene of claim 4 characterized by for a benzenoid 
solvent being toluene and a chlorine-based solvent being chloroform using the p-t-butyl calyx 
[8] arene whose R is t-butyl. 

[Claim 1 3] The purification approach of the fullerene of claim 2 characterized by a benzenoid 
solvent being benzene using p-ethyl calyx [8] arene whose R is an ethyl group, or claim 3. 
[Claim 14] The purification approach of the fullerene of claim 4 characterized by for a benzenoid 
solvent being benzene and a chlorine-based solvent being chloroform using p-ethyl calyx [8] 
arene whose R is an ethyl group. 
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DETAILED DESCRIPTION ~ ~~ ™ 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the purification approach of the fullerene for 

obtaining specific fullerene. such as C60, from fullerene mixture selectively 

[0002] 

[Description of the Prior Art] Fullerene is spherical-shell-like carbon molecules including C60 
and since it was discovered by a do toe and Smalley in 1985, it not only gave big impact to the 
science community, but it is capturing the spotlight of various kinds of industrial worlds 
recently. 

[0003] the large quantity synthesis method will be discovered by Kretschmer and Huffman in 
1990 especially about C60 which is the globular molecule of the shape of a football which 
consists only of 60 carbon atoms — since then — as a single molecule — a molecular 
assembly — the chemistry developed in various fields, such as a derivative, further Moreover 
there is also a report of C60 derivative showing the activity inhibitory action of an acquired 
immunode-ficiency syndrome in 1993 including that C60 film which doped the potassium by 
HEBATO and others in 1991 shows superconduction by Tc=18K having become whether to be 
**, and having attracted attention, and the expectation for application is also growing 
increasingly. 

[0004] Although the raw material of current and fullerene is soot obtained by carbonaceous 
laser evaporating methods and arc discharge methods, such as graphite, in this soot, the big 
fullerene of C70 grade other than C60 of a principal component is contained So in order to 
produce the fullerene made into the object of a high grade to a large quantity, development of 
efficient separation technology is needed. 

[0005] Although the approach by the column chromatography using various stationary phases 
as a Pnor art for carrying out separation purification of the fullerene is learned, it cannot 
necessarily be satisfied. For example, when a neutral alumina is used, in order to use a soluble 
low hexane as an expansion solvent, there was a trouble which needs the solvent of a large 
quantity. Moreover, when activated carbon was used, there was a trouble that C60 adsorbed 
was unrecoverable etc. Especially the approach using column chromatography cannot be scaled 
up in essence, namely, has the fault of not being suitable for purification on industrial magnitude 
Moreover, it is said that the recovery in these approaches is as about at most 60%. Thus, since 
the simple and efficient method of refining fullerene was not yet established fullerene is 
expensive in a current emergency and this had been set to one of the failures of research of 
fullerene, or application development. 
[0006] 

[Means for Solving the Problem] this invention persons found out the new method of refining 
fullerene effic.ently and on a large scale by using carixarene, as a result of repeating research 
in order to solve a problem which was mentioned above. 

[0007] The carixarene used in this invention is the annular oligomer with which two or more 
phenol units were combined by the methylene group, as shown in a degree type [-izing 2] (n is 
usually 3-8, and X is various kinds of functional groups or atomic groups). This carixarene has 



the property to wrap in an atom and a molecule in the hole formed of that ring (for inclusion to 
be carried out), and can change the magnitude and the form of a hole by changing the number 
of phenol units etc. in this case. For this reason, while carixarene occupies a location 
scientifically important as a host molecule in a host / guest chemistry, the application based on 
that unique function is also considered especially recently 
[0008] 
[Formula 2] 




[0009] This invention separates and collects fullerene from this complex, after making complex 
(complex, complex) form between carixarene and fullerene using the carixarene of the ring size 
which suits the molecule size of fullerene based on the inclusion function of carixarene. For 
example, eight calyx [8] arenes suit [ a phenol unit ] to C60. 

[0010] If the technical thought which is to the bases of this invention is followed in this way, will 
add canxarene. the complex of fullerene and carixarene will be made to form into the solution 
which melted the mixture of the fullerene which may contain the fullerene of C60, and C70 and 
others to the suitable solvent, and the purification approach of the fullerene which consists of 
making this complex decompose and collecting specific fullerene after that will be offered. 
[0011] Although it generally dissolves in an organic solvent (non-aqueous solvent) and fullerene 
mixture is used in order to enforce the approach of such this invention, it is also possible to use 
a water solution. For example, the complex of fullerene and carixarene is made to form in a 
water solution by carrying out inclusion of the fullerene by the water-soluble carixarene which 
permuted the OH radical of carixarene or R as shown above [-izing 2] by the suitable functional 
group, and was obtained. In order to make complex decompose after an appropriate time a 
water solution can be filtered, the filtrate containing this complex can be moved to an organic 
solvent phase, and the approach of separating and collecting fullerene can be performed. 
[0012] However, a specific calyx [8] arene forms complex selectively with C60 in a benzenoid 
solvent, and produces precipitation, and the most desirable mode of this invention is based on 
discovery of the data that other fullerene compounds do not cause such precipitation. Namely 
this invention adds the calyx [8] arene (the inside of a formula and R are the alkyl groups of 
carbon numbers 1-5) expressed with a degree type [-izing 1] by the solution which was 
dissolved in the benzenoid solvent and obtained the fullerene mixture containing C60. The 
purification approach of the fullerene which consists of the first process which settles C60 as 
complex with this calyx [8] arene. and the second process which is made to decompose the 
complex which carried out precipitation in this first process, and separates and collects C60 is 
offered. 
[0013] 
[Formula 1] 

[0014] As R in a formula [-izing 1], an isobutyl radical and t-butyl have the desirable especially 
desirable alkyl group of carbon numbers 2, 3, or 4 among the alkyl groups of carbon numbers 1- 
5. That is, carixarene especially desirable although used in this invention is a p-t-butyl calyx [8] 
arene shown by p-isopropyl calyx [8] arene shown by the following formula [-izing 3] or [-izing 
4J and the formula [-izing 5], or [-izing 6] 
[0015] 
[Formula 3] 




CH(CH 3 ) 2 / 8 



[0016] 
[Formula 4] 
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[0017] 
[Formula 5] 



\ C(CH 3 ) 3 y 8 



[0018] 
[Formula 6] 
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[0019] p-alkyl calyx [8] arene as used by this invention and shown by the top formula [-izing 1] 
is compounded with 40 - 90% of yield according to an approach (Gutsche et al., 
J.Am.Chem.Soc. and [103, 3782] (1981)) given in reference by flowing back among the bottom 
xylene of potassium-hydroxide existence, and carrying out dehydration condensation of 
corresponding p-alkylphenol and formaldehyde. [ for example. ] For example, p-isopropyl calyx 
L8J arene is obtained from p-isopropyl phenol with 80 - 85% of yield by this approach. 
[0020] As a benzenoid solvent used for precipitation-ization at the first process in the fullerene 
purification method according to this invention which was mentioned above, benzene, toluene a 
xylene ethylbenzene, etc. can be mentioned and especially benzene and toluene are used Since 
C70 will be settled in addition to C60 if it is desirable to use toluene in the case of a p-t-butyl 
calyx [8] arene and benzene is used, the effectiveness from a viewpoint of refining C60 



worsens. 

[0021] On the other hand, even if any of toluene and benzene are used for p-isopropyl calyx [8] 
arene, rt is advantageous in the point of settling C60 selectively, and precipitation also becomes 
quick in using especially benzene. Furthermore, when adding chloroform although the complex 
wh.ch carried out precipitation formation is decomposed if p-isopropyl calyx [8] arene is used 
since the difference of the complex to chloroform and the solubility of C60 is large C60 
precipitates efficiently, therefore the amount of the solvent (chloroform) used also has the 
advantage that the recovery of C60 becomes high few. 

[0022] although the amount of the calyx [8] arene used in this first process does not have 
especially a limit — usually — content C 60 receive 0.1 - 100 time molar quantity — it is the 
range of 1 - 2 double molar quantity preferably. 

[0023] Although especially a limit does not have the amount of the benzenoid solvent used 
either, it is content C60. The range of 0.5-5 (liter) is desirable to 2.8-28 (liter) and calyx [8] 
arene 1g to 1g. If fewer than this range, C60 or a calyx [8] arene will deposit, and the settlings 
of a uniform presentation will not be obtained. Moreover, if this range is crossed precipitation 
formation will take time amount. The precipitate formation reaction in this first process can be 
performed at a room temperature. 

[0024] If this invention is followed, a complex (called complex or complex) formation reaction 
will occur between C60 and the calyx [8] arenes which dissolved in the benzenoid solvent and 
this complex (considered 1:1 complex) obtained will form precipitation in a benzenoid solvent 
This mechanism is guessed as follows. That is, although the hydroxyl group (OH radical) carried 
out intramolecular hydrogen bond to the shape of a ring and has melted into the benzenoid 
solvent, if carixarene carries out inclusion of C60, cutting of intramolecular hydrogen bond will 
take place and a hydroxyl group will expose it into a solvent. Consequently, it is understood as 
what solubility change of the complex of C60 and carixarene or the interaction between 
hydroxyl groups is induced, and precipitate generates. 

[0025] If the desirable mode of this invention is followed, once dissolving precipitation in the 
first process (complex precipitation formation process) which was mentioned above C60 of a 
rnnofn ra T de ° a " be extreme| y obtained by adding actuation of making precipitation form again 
L0026J That is. the precipitation generated by addition of a calyx [8] arene is once separated 
from a benzenoid solvent. What is necessary is just to use filtration, centrifugal separation etc 
for separation. In this way. if the precipitation separated from the solution is again put into a 
benzenoid solvent and it warms at 50-100 degrees C. return remelting of the precipitation 
(complex) will be carried out at C60 and a calyx [8] arene. If this solution is returned to a room 
temperature, settlings will be formed again. 

[0027] the need — responding — warming in such a precipitation separation -> benzenoid 
solvent — the second process is presented with the obtained precipitation after repeating 
actuation of cooling to -> room temperature. Although the purity of C60 obtained by one 
actuation changes with presentations of a raw material. C60 of the high grade near 100% final 
almost can be obtained by repeating this actuation. 

[0028] What is necessary is just to collect using conventional methods, such as column 
chromatography, in asking for the very thing, such as such C70, although high-class fullerene 
such as C70, is contained in the filtrate obtained in the first process. Moreover, according to' 
the combination of carixarene and a solvent, there is also a system which can settle C60 and 
C70 simultaneously like [ in the case of using in benzene p-ethyl calyx [8] arene whose R is an 
ethyl group ]. If such a system is used, the high-class fullerene after separating C60 and C70 is 
also recoverable. 

[0029] In the fullerene purification approach of this invention, the second process is presented 
with the complex which carried out precipitation according to the first above process, and C60 
is separated and collected from complex. 

5525 W , 3 7°i de desirable as such second process is followed, after separating precipitate 
(C60/calyx [8] arene complex) obtained according to the first process (for example, filtration 
centrifugal separation, etc.), a chlorine-based solvent is added to this precipitation and it is 



made to d.stnbute in this solvent. If it writes and carries out. C60/calyx [8] arene complex will 
decompose, only C60 will precipitate from this complex, and carixarene will be dissolved in a 
chlorine-based solvent. C60 of a high grade can be obtained by collecting these C60 
L0031] Although chloroform, a methylene chloride, a carbon tetrachloride, tetrachloroethane 
etc. can be mentioned, since the solubility to C60 and the solubility to a calyx [8] arene are' 
large, namely, it says that C60 is settled efficiently as a chlorine-based solvent used in this 
second process, chloroform and a methylene chloride are desirable. Chloroform is especially 
desirable at the point of advancing decomposition smoothly under a room temperature. To use a 
methylene chloride, to warm a little is required. 

[0032] In the case of chloroform, the amount of the chlorine-based solvent used used in the 
second process has the desirable range of 100-300ml to calyx [8] arene 1g contained during 
precipitation, although there is especially no limit. Below in this range, if a calyx [8] arene may 
mix during recovery C60 and this range is crossed, the recovery of C60 will fall 
[0033] In addition, although the calyx [8] arene of a high grade and C60 [ little ] are contained in 
rnno I 6 obtained accord 'ng to this second process, it is reusable by distilling off a solvent 
L0034J The approach except adding a chlorine-based solvent, precipitating and collecting 
fullerene as an approach of making the complex which carried out precipitation according to the 
first process decomposing, and collecting C60. is also possible. After warming for example in 
toluene and returning to C60 and a calyx [8] arene as such an approach, while heating a calyx 
L8J arene by the approach of extracting in an alkali water solution, or the solid state and 
understanding it an evaporated part before precipitation is reproduced, how to carry out 
fractional sublimation etc. can be considered 
[0035] 

[Example] Hereafter, this invention is not limited by this example although this invention is 
further explained in accordance with an example. In addition, in this example, C60 uses that in 
which C70 is contained 13% of the weight 72% of the weight as fullerene mixture, and purity is 
expressed with 1 00xC60/(C60+C70) (% of the weight), and it asks for it from the analysis value 
of high performance chromatography. 

[0036] When 200mg of fullerene mixture containing 144mg (0.2mmol) of example 1C60 was 
dissolved .n toluene 60ml. the p-t-butyl calyx [8] arene 389mg (0.3mmol) toluene 200ml solution 
was added to the solution and churning was continued under the room temperature, 
precipitation began to form about 3 hours after. When churning was stopped and filtered 15 
hours after. 400mg (96.0% of purity) of settlings was obtained. After having added toluene 200ml 
to this mixture, heating at 100 degrees C and considering as a solution, it returned to the room 
oo'Z e *fi Ure 3nd agitated for 15 nours - 353m S of settlings of purity was obtained by filtration 
99.0%. When toluene 200ml was furthermore added and same actuation was performed 313mg of 
settlings of 99.8% of purity was obtained. It was checked from the ultimate analysis value 
(C:87.96%, H:5.79%) that they are 1:1 complexes of C60 and a p-t-butyl calyx [8] arene 
[0037] Next, chloroform 30ml was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 102mg of black solid-states was obtained by filtration. It was checked 
from 13 C-NMR that it is C60. The purity of C60 was 99.8% from HPLC. Moreover, the recovery 
of C60 was 71%. 

[0038] Moreover, the whole quantity of the solvent used for obtaining C60 of such a high grade 
is toluene about 860ml and chloroform about 30ml. This is dramatically lower than the case 
where it is used, the conventional approach, for example, neutral alumina, and it is guessed that 
it is an outline and 1/5 or less. 

[0039] When 200mg of fullerene mixture containing 144mg (0.2mmol) of example 2C60 was 
dissolved in toluene 60ml. the p-t-butyl calyx [8] arene 389mg (0.3mmol) toluene 200ml solution 
was added to the solution and churning was continued at the room temperature, precipitation 
began to form about 3 hours after. When churning was stopped and filtered 15 hours after 
400mg (96.0% of purity) of settlings was obtained. 

[0040] Next. 30ml of methylene chlorides was added to this precipitation, and it agitated under 
2-hour reflux (40 degrees C). 125mg of black solid-states was obtained by filtration The purity 



of C60 was 96.0% from HPLC. Moreover, the recovery of C60 is 83% and. on the other hand, the 
amount of the solvent used is only 290ml. 

[0041] When 200mg of fullerene mixture containing 144mg (0.2mmol) of example 3Cs60 was 
dissolved in benzene 100ml. and the p-t-butyl calyx [8] arene 389mg (0.3mmol) benzene 100ml 
solution was added to the solution and agitated at the room temperature, precipitation began to 
form about 1 hour after. When churning was stopped and filtered 5 hours after, 427mg (90.0% of 
purity) of settlings was obtained. 

[0042] Next, chloroform 30ml was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 130mg of black solid-states was obtained by filtration. The purity of 
C60 was 91.0% from HPLC. 

[0043] When 200mg of fullerene mixture containing 144mg (0.2mmol) of example 4C60 was 
dissolved in toluene 60ml, and the p-isopropyl calyx [8] arene 356mg (0.3mmol) toluene 150ml 
solution was added to the solution and agitated at the room temperature, precipitation began to 
form about 6 hours after. When churning was stopped and filtered 30 hours after. 380mg (96.0% 
of purity) of settlings was obtained. 

[0044] Next, chloroform 30ml was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 1 35mg of black solid-states was obtained by filtration. The purity of 
C60 was 96.0% from HPLC. Moreover, the recovery of C60 was 90%. 

[0045] When 200mg of fullerene mixture containing 144mg (0.2mmol) of example 5C60 was 
dissolved in benzene 100ml, the p-isopropyl calyx [8] arene 356mg (0.3mmol) benzene 100ml 
solution was added to the solution and churning was continued at the room temperature, 
precipitation began to form about 1 hour after. When churning was stopped and filtered 5 hours 
after, 380mg (96.0% of purity) of settlings was obtained. After having added benzene 100ml to 
this mixture, heating at 80 degrees C and considering as a solution, it returned to the room 
temperature and agitated for 5 hours. 335mg of settlings of purity was obtained by filtration 
99.0%. When benzene 1 00ml was furthermore added and same actuation was performed. 298mg 
of settlings of 99.8% of purity was obtained. 

[0046] Next, chloroform 10ml was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 109mg of black solid-states was obtained by filtration. The purity of 
C60 was 99.8% from HPLC. Moreover, the recovery of C60 was 75%. 

[0047] When 200mg of fullerene mixture containing 144mg (0.2mmol) of example 6C60 was 
dissolved in benzene 60ml, the p-ethyl calyx [8] arene 322mg (0.3mmol) benzene 200ml solution 
was added to the solution and churning was continued at the room temperature, precipitation 
began to form about 1 hour after. When churning was stopped and filtered 5 hours after, 414mg 
(92.0% of purity) of settlings was obtained. 

[0048] Next, chloroform 50ml was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 125mg of black solid-states was obtained by filtration. The purity of 
C60 was 92.0% from HPLC. Moreover, the recovery of C60 was 80% 
[0049] 

[Effect of the Invention] As explained above, the approach of this invention can carry out 
separation purification of specific fullerene like C60 with a high grade and high recovery from 
the mixture containing the fullerene of C60, C70. and others obtained by the carbonaceous 
laser evaporating method or carbonaceous arc discharge methods, such as graphite. Moreover, 
the solvent used on the occasion of purification is also little, and ends. Furthermore, the 
approach of this invention does not need complicated equipment, but enables purification on 
industrial magnitude also from the point that it can scale up as it is. 
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[ft#JBl3] R*Sl^t*4p-l^*fJ ytr 
X [8] 7b->*ll,>. -<.>-fef>S^^>Hf>-c 

* z c t z &m £ f zmmm 2 s fctxit&B 3 © 7 ^ - 

20 x [8] 7b->m>. ^>*>3R»«**''0-tf>-c 

Mi -r 4 © 7 - u xomkiim. 
mw<ouMtmm 

[000 1 ] 

C „ & £#£© SriliR Kjtt fcW)75- 

U>©IIS57jatCM-r-5„ 
[0002] 

[ft3fe©8ffi<!:-£©l$S] 77-U>£tt. C,.5:WD 
30 *i-TS^I*K^^-t?*0. 1985^{CfPh- 

[0003] 6 0<B©^M^©**>6fi5S-9- 9 

357-jK-^©^^-C*SC..{COC>-C», 199 

MLft. Sfcl 9 9 l¥JC^- h6(C«t0*UOA^ 
40 K-^l/fcC„y^l-A*JTc= 1 8KTffle^4^-T 
Ci*5W*^^»)aa**«>fti©^»D«>. 1 9 9 3^ 

tc c . . mm<*& x ^ x©^pi#fpffl fc^-r ^©«^ t 
*>o. it.ffl^©«!f#*>s^*-riS*-5-c^.s. 

[0 00 4] y^-lyy<DWmit. Vv-lrJY 

^©^©u-if-^b^r- f S5c^(c J: ^-cf#e» 
ft£-r-r-c*s#. c©-r-r4Jtc«ifiS^©c 6 „©ffi(c 

C 7 .^©^#^7^-U>75i^Sn-Ct ( >So ^ct, 

». ^^^^^©ra^^isnri^. 
50 [ooo5]77- v^*ftfflmm3rz>fc&<»u : &<Dm 



C3) 



-2 37 9 1 1 



x^-jut^t-*^. x«w««-c©» 

mcisV&MWmS., tHMtV6 0% iStotlT 10 

fflP3f6©Pf5©— ^ <t r t >/c„ 
[0006] 

f XT U->£*«Jffl-f-5t 7 ^- U>Sr8&^ 

HKcflo^satJcwn off zmmttum* mm u fc. 

[0007] *^(Cfcl,>til,>.S* V 5 20 

-s. (n«. jiss^sr***), gfc, xtt&a©^* 

SfcBSfitS)5) . C©#y -^X7 U->tt, ^E- 
5Ci*stf5. C<Dtc#>. *>y *f XTU->«. ^ 

{Sftfc*x f-/yx Mfr^ecfctf s*x urs 

[0008] 
Hfc2] 




40 



[0009] * y •> $7,7 is-xD&mmm 

77-u>t(Dp B i«:n>^u^ i^x (li^ffc. lift) £ 

x 8 <!©#'./ ?fX [8] 71/->« 50 



[0010]A>< Or. ^HJC7)S*i^-5^fiJiL«(C 

•J ?f XTU~>£^2K10T:7^--U><i:2; y ? f XT 
U->i©3>7'U -j fX^Jgl&^-t*. ^-©fg. C©3 
> rf U ? f x 3 #T!|$5e© 7 ^ - u > ^UiRT £ 

[0 0 1 1 ] C ©J: 5 &##SB;j©:fr&£^Tr 
£. MUX. ±fBC^b2D (CTj^ftSi^&^'J -yf x 

e. n/c*^tt* y-^^xru->-c7-5-u > ^r-ag-r 

U ;> fX£#ft? 3 *i£i££itjgU £©=»> 

u * x z^Tzmmz&is&tmmic&uxy ? - 

[0012] IsfebtoPfe* #fP,B©&*>»£ OOttttt 
tt. **S©# 'J f fX [ 8 ] T U->*i-<>H2>^?§jS5 
4"-CC 6(( ijllRWCC3>7*U^ f X£7£f£0TCfc®££ 

fX [8] 7U-> (SW. RttE*3££U ^©T^* 

ji^-c&s) *mimLx> c s „=&fe#y ? ?x [8] t 

[00 13] 
Hfc 1 ] 

[0 0 1 4] 5$ Cffcl ) tCfcW^RiUTt*. ^S^tl 
~5©T-»U+^S©^^^^t2. 3*/c«4©T;m ; 
^a*«3;L/<. ^{cW*L-^©«. ^v^^-JUSfcJ: 

6n^©tc#(cW* uivdy ?f xru->«. TIB© 

WJ-;?X[8]7U->, *J<t^ C^b5) %C^b 
(* C{t6] t^^ti^p- t-^WJ-^X [8] 
71/->-C*4. 

[0015] 

[<fc3] 



(4) 



^§§¥7- 2 37 9 1 1 




[00 16] 
[ffc4] 



J-Pr 



OH 



HO 



CM, 



OH HO % 
OH 



H0-O-+PT 



l-Pr 



[00 17] 
Hb5] 




C(CH 3 )3 



[0 0 18] 

Hte] 




[0 0 1 9) *fKPrCfljC>6ft±5£ Hfci ) -Cm^tl^ 
<f:Vj:p-7WWJ-;?^ [8]TU->«. AM 
32tS©^^ C^X.tf, Gutsche6. J .Am. Chen. Soo, 103, 
3782(1981)) K.m\ fflSt^P "7 W7iy-Jl- 

S?JSCffii*^-r-5c:i{C'<t»5. 40~90%<D4XS"C 

[8 ] Tlx->«p --Yy7'PtVU7xy-;l/*^l5l^ 
&CC <£ 0 8 0-85 ^©IR^-Cff^tl^,, 

[ o o 2 o ] *^{cse 5 7 - u >mm&ia<s wz± 



MiUt», hJUx>. =^>u>, x^Jl, 

7U->0«^B. h;Ux>£ffi(,>.*>©#$?£K. *c 
[0 0 2 1 ] CtttCftGT. p -Jvfa £W) v 2 

•5. 3f.K, p VT'ntJl'* 'J [8] TU- 

ffiffl«^ft < c s „ ©uiKwtj <&^i^m*fc* 

[0022] C©gl— XgtCfcWS* U <? [ 8 ] T 

20 u->©<£ffifiw:. ^K:*iJPB«ftc>*5. ii^r. mc„ 

(c^turo. i~i o om^vm.. <if*i/<«i~2ts 

[0023] ^>i2>m^f«©^fflfi*>^K:$fJ|!B«ftl^ 
**. ^WC,„ lgtC*tb-C2. 8~2 8 Ovh 
JW) . ilVvZT, [8] TU->1 g{C*tLT0. 5- 
5 CJ? ®8H*>J?£bl>. C©^ffl<fc»)iJ>&C> 
C,,*fcH:#y i» *X [8] TU->*5*faC/TL 
£C>i^&i^©Zfc&%^#6ft&l>. C©ffiB 

30 -©xsjcfcw- set^fi5tJSttv«ss-cff Him 
[0024] #»8K:t£*«. ^>-t2>*^«{c^8?u 

fcC.i* 1 ;??^ [8] 7U->iC0HtCP>^l/? 

^, *'J^X7l/->», (OH8) ifi'J 

40 C^^T^i^FrtTK^^OWir^iec^ 

^7b- >©«^#©?g»?g^t£ yt«7KKsra©ffl 
sfftBtfpffc s *ir itfa#£/&Tr -5 €> © i m ^ ft 5 . 

[0025] *^©Sf * U»««K:fi£iltf* Hlfc 

[0026] -Tftto^. *'J>1>X [ 8 ] T b->©3& 
50 »P(cJ;0^StbA:it^?:'<>-b'>3ft^i«^6-B. 



7 

Ans o- 1 o o'CKjjnST^i. it^<3>^"b^^ 

*) ItC.Wh?^ [8] TU">fCM'3B^-r 
[0027 ) i&f?{tj£DT. C©<fc 5 frCt^gt— 

i o o%(ca<,>jts*8K©c, „£{ii£t: 

[0028] ^-©xgicfc^TttenstSjKEftcttc 

ItMp-iW* 1 ^?^ [8] TU->£-<>-l2' 

^rJB^Stl^©.):^. *'Jfi'^7u->i®I 

t^-c#-s^fe*^„ c©j:^&^£*ijffl-rttw:. c.„ 
£ c , . £#st b fcfg©ift?s 7 7 - u > ^iHinx-r S C 1 & 

"CSS. 

[0029] *^©7^-u>f»K7?ffiR:*5^r«. 
±&©J: ^ &ffl-©X*IK: J: 9 ttg^f&Gfcn >:/U •? 

[0030] c©J: 5&?&~©X«£ urW* l/OStil 

Vv9X [8] 7l/->3>^l/f^^)SU. K=J 

[0 03 1 ] C©^~©Igtefcl>T)8l>£&g!JS?&l& 
ibTtt. ^ao^ji/A. mt^^-vy. m&it%M, 

*rr£j§8?g£#',i jj x [8] 7u->wsm 

[00 3 2] ^-©XgfCfcC^TfflC^ifi^m^©^ 

tfKMtiA'J-^^ t8] TU->1 gKMltl 
00-3 0 0m l©®ffl*WLa>. C©ffiHtlTr 
&J. HiRC..t>{C*«J ?9X [8] TU->* 5 ilA-T5 
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[003 3] C©!gr©I!i{c<fc»m«E>ft£ai® 
*CC»iS*6S©* U [8] TU->£iHl©C 6( , 

[0034] m-<DT.mic<i: t )ttmLf8.Ltc?>7\s'j 

fcpJfrg-C*-5„ Z<DJ:>>U-fimt UX, h^x 
>tpX-ttMl>. Ctot*}*) yf* [8] TU-XCMU 
/d£. efc$#?f±-r 9»« [ 8 ] T b->£ 

am u «{t#isrr & £ £ fcfc^imii-r z-mzm^ 

[0035] 

r. c e ,**72SS:%. c 7( *5i 3ti%t*nti^ 

*>©£«fflU SigBlOOxC,./ (C 6 „ + C IO ) 

[0036] mmm i 

C t0 £l 4 4mg (0. 2 mm o 1 ) $tf7^-U>ig 
^B)2 0 Orng* h;Ux>6 0 m 1 CcigS?3t!-. ^-©ig 
igCCp - t -7?)l>fr>) vt>X [8] TU->389m 
g (0. 3mmo 1 ) ©h^x>20 0m \W&&t$\ 

i)iMVl&400mg (J6S9 6. 0%) Whtltc. CCD 
m&QSlC h;ux>2 0 Om 1 *JJD^.. 10 0'CicMl 
^£Ufc^. SiafcRbl B^a^b/c jgiSKiJ: 

0 9 9. 0%MS©tt^J* 5 3 5 3mg©e>*ifc. 36 
(Ch^i>2 0 0m 1 *ttI^.|3J«^MIfP?:tf -5<i:l«S9 
9. 8%<Dim%»&3 1 3mg^6*ifc„ 7C*^*?ffi 
(C:87. 96%. H : 5. 7 9%) <t 0 C s , £ p - 
t-^W;»?X[8]7l/->©l : lis^r* 

[0 0 37] ^CfC. C©tt^(C^cia^A3 Om 1 * 

1 0 2mg*iff6nfc. 13C-NMR<fc!)C ( ,r*5 
C£^5g^$n/c„ HPLCJ:"3C e „©^S«9 9. 8 
%-C$>r>tc. $/c. C, 0 ©@!K^«7 

[0038] S/c. C©J:^^cii5^K©C 6 „^f?>©tC 
«fflL/c^«©^S». h^x>i^8 60m 1 . *PP 
^;UA^3 OmlT*5. cnrtSE*©^^. 

tp&T* zi-zm^?>m-&£K> i>ftmc&< . hubs. 5 
[0039] mmm2 

C„^]44mg (0. 2 mm o l ) $t?7v-U>?g 
^)200mg?:h^i>60niltcgK3t. ^©S 



C6) 



StCp-t-^J^'J-^X [8] TU->389m * 
g (0. 3mmol)©hJH>2 0 0mlM«rJll 

€>tt$$5*U 0 0 m g m&96. 0%) f#6*i/c„ 
[0 04 0] C©6t&tC&4b^U>3 0m 1 £ 

-C. M&m#l 2Smgfimtbti1t. HPLCJrDC, 
©$8g«9 6. 0%-C*o/c. £/<u C s .CC»I5|lR^«8 
3 •) . jgjl&D&fflgte 2 9 0 m 1 IcT tfft 10 

[0 04 1 ] SISS0J3 

C„4144mg (0. 2mmo 1) ttf7 7-U>il 
^Bl2 0 0mg=Sr^>-b*>l 0 0 m 1 «C?g8¥3t!\ t<D 
mtiCp- t -7?)l>ijV [8] TU->3 8 9 

mgr (0. 3mmo 1 ) CD-^>-fef> 10 0ml ?§?&£ttJ 
x. mUXimttyiX^Zt. #J 1 EJrafgCttt^W 

itm®&427mg <*fig90. 0%) i6hfc. 
[0042] #SC. COtfc^tCi'CJa^l/AS 0ml £ 20 

130mgimhtltc. HPLCJ:»)C, ( ,<D*ag«9 

i. o%r*o/c 

[004 3] HS6W4 

C„*144mg (0. 2mmo 1) gtf77-U>i 
^2 0 0m?4h;H>6 0ml«Cg)S$t 1 ^<om 
WHCp-JVfat'JVtrV [8] 7U->35 6 

mg (0. 3mmo l)©h;H>15Omlg$^))0 

fiSL^fe/c. 3 0B*P t 8&(Ctit#£»±bTi£®Lfc<hC 30 
3it^Bj#53 8 0mgr (*6&96. 0%) ^6tlfc. 
[0 04 4] ^(C. C©zt»(C^OD*;UA3 0ml 4 

13 5mg^^hfc. HPLCJ:»3C s< ,©*fiS«9 
6. 0%-C*-ofc. C.„(D|5IlR$W9 0%Xhr> 

fc. 

[0 04 5] 

C„414 4"mg (0. 2mmo 1 ) &ts7 v-Vl/M 
#g}2 0 0 mgr 1 0 0 m 1 CC?g8?;s-t*. 



<$Pa¥7 - 2 3 7 9 1 1 
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m&K.X>->(V7U\Z)\'t}V~j>?X [8] 7U->35 
6mg (0. 3 mm o 1 ) <£K<>-fe'> 10 0ml 

in*, siafa^^wrc^i. m i mfs&iamtfi 

*>i%mto&3 8 Omg (MS9 6. 0%) »6tifc. £ 
©ii^tc 10 0ml £}Jl];t> 8 O'CftJugftL 

9 9. 0%tm.<DmffiM&3 3 5mg&6tlfc. 3 6tC 
-^>-fe*> 10 0ml *Jn*l3j«fc»fl:;£fT 5 <L*fiK9 
9. 8%©tt^«J^2 9 8mgf#6nfc 0 
[0046]^IC. C<DtfMlC9aufc)l'& 1 0m 1 £ 

1 0 9mg*^6ti/c«. HPLC<i:DC, 9 
9. 8%T*ofc,, C 60 Oi]iR^W7 5%t?»o 

fc. 

[0 04 7]iafi^6 

C„5144mg (0. 2 mm o 1 ) ^*?:7^-U>jg 
^BJ2 0 0mgi'<>€>6 0 m 1 (CjgJgSlt. ^©jg 
SKp-i^l-*'; [8] 7U->322mg 

(0. 3 mm o 1 ) ©'<>-t:> 2 0 0ml 

isra^4gwt i> s t . ^ i Bsm&tcttaitftsjgfi&i/ 

^#4 14mg mm9 2. 0%) »6txfc. 
[0 04 8] ^tc. C©£ti(Ci'DO!j;;l'A5 0ml^ 
flu*.. Sfi-rHSmStftLfc. WVcJ^T. HfeHtfc 
1 2 5mg*lSe.hfc. HPLCJ:»3C,,0«a»9 
2. 0%X$>-?tc. &tc. C,.©0iR^W8 0%t?*o 

[0049] 



103^ 

finjAfiPiimjREHts 2 Ta 13*17^ 



